ABSTRACT Many mosquito species are important vectors of human and animal diseases, and others are important nuisance species. To facilitate communication and information exchange among professional groups interested in vector-borne diseases, it is essential that a stable nomenclature be maintained. For the Culicidae, easily identiÞable genera based on morphology are an asset. Major changes in generic concept, the elevation of 32 subgenera within Aedes to generic status, and changes in hundreds of species names proposed in a recent article demand consideration by all parties interested in mosquito-borne diseases. The entire approach to Aedini systematics of these authors was ßawed by an inordinate fear of paraphyletic taxa or Paraphylyphobia, and their inability to distinguish between classiÞcation and cladistic analysis. Taxonomists should refrain from making taxonomic changes based on preliminary data, and they should be very selective in assigning generic names to only the most important and well-deÞned groups of species.
In this communication, I brießy review taxonomic categories in a zoological classiÞcation, the International Code of Zoological Nomenclature (the Code), the development of generic concept within the Culicidae, classiÞcation within the tribe Aedini and genus Aedes, and explain how confusion between classiÞca-tion and cladistic analysis and paraphylyphobia lead to the classiÞcation of Aedini proposed by Reinert et al. (2004) .
Taxonomic Categories and the International Code of Zoological Nomenclature
Unlike the species category, which is deÞned by the biological species concept (Mayr 1969 (Mayr , 1970 , the genus and subgenus categories are not based on a biological concept nor are they strictly deÞned. Usage and deÞnition of generic and subgeneric taxa may vary among animal groups and even between authors working on the same group of animals. Traditionally, phylogenetic taxonomists deÞned genera as a group of related species sharing a common phylogenetic origin that differ from species of other related genera by a decided gap in morphological characters (Mayr 1969) . For families such as the Culicidae that are of interest to many professional groups, well-deÞned, easily identiÞ-able genera based on morphology are an asset.
The Code (ICZN 1999) provides rules for forming names in the species, subgenus, genus, subfamily, and family categories and requires that adjectival species names correspond to the gender of the genus in which they are placed (Table 1) . For example (Table 1) , if the species albopictus (Skuse) is placed in the masculine genus Aedes, the correct species name is Aedes albopictus (Skuse). However, if the feminine subgenus Stegomyia was elevated to generic status, and if the species albopictus was placed in the genus Stegomyia, the species name would have to be amended to the feminine form and the correct name would be Stegomyia albopicta (Skuse).
Some public health workers falsely assume that the Code requires them to accept the results of new taxonomic papers and new classiÞcations. However, this is absolutely false. The purpose of the Code is to promote stability and universality of taxonomic names and to ensure that the valid name of each species is unique within each genus, according to the rules of priority. The Code does not provide rules or guidance on assigning rank. ClassiÞcations above the species level depend on subjective interpretation of taxonomic data and the philosophy adopted by the investigator. The Code does not restrict freedom of taxonomic thought or action. The Preamble and the Introduction to the Code make this very clear: The Preamble states, "The objects of the Code are to promote stability and universality in the scientiÞc names of animals and to ensure that the name of each taxon is unique and distinct. All its provisions and recommendations are subservient to those ends and none restricts the freedom of taxonomic thought or actions"; and the Introduction further states, "Nomenclature does not determine the inclusiveness or exclusiveness of any taxon, nor the rank to be accorded to any assemblage of animals, but rather, provides the name that is to be used for a taxon whatever taxonomic limits and rank are given to it" (ICZN 1999 ). The only formal names available to name groups of species or lineages above species and below subfamily are subgenera and genera (see Table 1 for an example). Taxonomists should be very selective in assigning generic and subgeneric names to only the most important and well deÞned lineages or groups of species.
Generic Concept with Culicidae
Work on the taxonomy and classiÞcation of mosquitoes developed slowly. In the 10th edition of Systema Naturae (Linnaeus 1758) , two mosquito species were placed in the single genus Culex L. In 1818, Meigen (1818) (Philip and Rozeboom 1973) . These events of 1900 spurred work on the taxonomy and biology of mosquitoes. Just 10 yr later, Theobald (1910) recognized 1,050 species in 149 genera (Edwards 1932) . In 1906, Dyar and Knab (1906) developed a classiÞcation of the mosquitoes based on larval morphology and deÞned genera, including Aedes, broadly. Howard et al. (1915 Howard et al. ( , 1917 , in their classiÞcation of the mosquitoes of North and Central America and the West Indies, furthered developed the concept that genera should be broadly deÞned and easily identiÞable. This broad usage of genera within the mosquitoes, including Aedes, was accepted by Edwards (1917) and by Barraud (1928) , and the name Aedes was universally used in this inclusive sense during the interval 1906 Ð2000 (Savage and Strickman 2004) . Dyar (1928) , in his comprehensive classiÞcation of the mosquitoes of the Americas, deÞned genera broadly and generally as they are used today, with well deÞned internal groups placed as subgenera. In 1932, Edwards extended the generic and subgeneric concepts employed by Dyar Knab 1906, Dyar 1928) and placed 1,400 species in 30 genera and 89 subgenera and offered a classiÞcation of the Culicidae of the World that forms the basis for the present classiÞcation. Edwards (1932) pointed out that the use of more inclusive generic concepts made the relationships among species clearer and the generic limits more easily deÞned. Edwards (1932) also pointed out that smaller groups of species can be usefully designated by subgeneric names. The broad deÞnitions of genera developed by Edwards (1932) allowed adult female mosquitoes to be identiÞed to genus in the laboratory with a good-quality dissecting microscope and allowed mosquito genera to be recognized in the Þeld as morphological and ecological units.
Tribe Aedini
The traditional classiÞcation of the tribe Aedini is presented in Table 2 . Eleven genera and Ϸ1,239 species are included. All genera except Aedes are small to moderate in species number. All genera were established based on distinct morphological characters between 1818 and 1908, with the exception of two mor- Reinert (1999) .
The genus Aedes includes 44 subgenera (Table 3 ) that can be divided into two lineages, the Aedes Lineage and the Ochlerotatus Lineage, based primarily on characters of the male and female genitalia discovered by Dyar (1918) , Edwards (1921) , and Belkin (1962) and discussed in detail by Reinert (2000) and Savage and Strickman (2004) .
Cladistics Analysis and Paraphyly
With the advent of cladistics (Hennig 1966) , taxonomists began to emphasize that genera should be monophyletic assemblages of species and that gap criteria, or morphological distinction, were inappropriate (Wiley 1981) . A monophyletic group is a group that includes an ancestor and all of its descendants: for example, Psorophora or Hemagogus in Fig. 1 . The acceptance of cladistic methods of phylogenetic analysis lead to a search for monophyletic groups or taxa by a generation of taxonomists. A polyphyletic group is a group that includes descendants from different ancestors. Nearly all taxonomists agree that polyphyletic taxa are to be avoided (Diggs and Lipscomb 2002) . However, cladists failed to realize that the removal of a monophyletic group from a phylogenetic tree resulted in the formation of a paraphyletic group (Brummitt 2002 (Brummitt , 2003 . A paraphyletic group is a group of species that share a common ancestor but does not include all the descendants of the common ancestor: for example, the group containing the remaining species in Fig. 1 after the monophyletic taxa Psorophora, Hemagogus and Eretmapodites are removed. Although the search for monophyletic groups deÞned by synapomorphies, or shared derived character states, received a conceptual basis from cladistic theory, it is important to note that 10 of the 11 Aedini genera in Table 2 were established before 1908 based on unusual morphological characters and that these 10 genera are monophyletic in the analysis of Reinert et al. (2004) . These genera, or lineages, were cut out of the Aedini evolutionary tree, and the less morphologically welldeÞned lineages representing the 44 subgenera of Aedes (Table 3) were left in the paraphyletic genus Aedes by early taxonomists. Although cladistic terminology was not in use, early workers recognized that the distinct genera of Aedini, for example Psorophora and Hemagogus (Dyar 1928, Hendrickson and Sokal 1968) , evolved from within Aedes and that Aedes was therefore paraphyletic. To avoid use of the resultant paraphyletic taxon Aedes, Reinert et al. (2004) felt obligated to dismember Aedes by elevating all monophyletic groups at the corresponding level within the tree to genera (Kristensen 1982) . For example, all taxa represented by the unnamed lines in Fig. 1 , which have common ancestors denoted by squares at approximately the same level as the common ancestors of Psorophora, Hemagogus, and Eretmapodites, also would be elevated to generic status. If all of the monophyletic groups in Fig. 1 can be deÞned by morphological characters that allow them to be identiÞed and recognized, this leads to the generation of numerous new well-deÞned genera and would be considered beneÞcial by many taxonomists. However, if the new monophyletic groups are poorly deÞned and cannot be recognized as morphological or biological groups, the destruction of well-established and deÞned paraphyletic taxa into many poorly deÞned monophyletic taxa results in poor taxonomy and a useless classiÞcation (Michener 2000 , Brummitt 2002 , Diggs and Lipscomb 2002 , Nordal and Stedje 2005 . Because most of these new genera are poorly deÞned and difÞcult or impossible to identify, medical entomologists and other Þeldworkers would be forced to identify a specimen Þrst to species by using a broad Aedini key then look in an appendix or table to determine what genus it was assigned to. ReinertÕs fear of paraphyletic taxa (Reinert et al. 2004) , admitted on page 327, "we stress that our study removes the evidently paraphyletic ÔlargeÕ genera, with a necessary fragmentation of traditional taxa and a subjective decision that the fragments be treated as genera rather than subgenera," results in the treatment of numerous poorly deÞned "fragments" as genera. A conservative and rational approach would have been to place these "fragments" as subgenera within the paraphyletic genus Aedes as they were in the traditional classiÞcation of Edwards 1932 Edwards , 1941 following the argument of Savage and Strickman (2004) ; see Table 3 . The treatment of these fragments as subgenera maintains all the information associated with the subgeneric name, for example subgenus Ae. (Stegomyia) and the genus Stegomyia, convey exactly the same information, but use of the former subgeneric name avoids the need to amend the species names of included species. The article by Reinert et al. (2004) was the Þrst major cladistic analysis of the Aedini, and future studies using different sets of morphological characters or/and molecular data will certainly produce different fragments, and different relationships among the fragments and well-deÞned monophyletic groups. If these fragments are continually treated as genera, the names of common vector and nuisance species also will continually change. This will lead to disruption of communication among those interested in mosquito-borne diseases, the destruction of the information system associated with a stable classiÞcation, and difÞculties in literature search and database management. Phylogenetic analysis is desperately needed within the family Culicidae. However, I am not hopeful that the phylogeny, classiÞcation, and nomenclature of the Aedini will stabilize in the near future. The use of subgeneric names for fragments will signiÞcantly reduce confusion. If the monophyletic nature of subgenera of Aedes becomes Þrmly established, then analysis of the evolutionary relationships among the subgenera of Aedes and genera of Aedini will eventually lead to a reliable phylogeny and stable classiÞ-cation. As subgenera become well deÞned, taxonomists may choose to elevate selected subgenera to genera based on Þrm phylogenetic evidence and morphological characters that allow these new genera to be reliably identiÞed.
It is unfortunate that Reinert et al. (2004) felt compelled to change the classiÞcation of Aedini to reßect the topology of their preferred tree based on study of less that 10% (119/1,239) of the species in the tribe. If these authors would have presented their preliminary results as the Þrst major attempt to understand the phylogeny of the Aedini, their article would have been hailed as an important contribution to mosquito systematics. These authors amassed a large morphological data set and presented a framework for future analyses. However, because these authors tried to translate the results of their cladistic analysis directly into a reclassiÞcation of genera, their contribution should be rejected. Other cladists, recognizing that more names are needed for clades within a tree than are available in the Code, are developing an alternative code of names, PhyloCode, for naming the many clades and recognizing hierarchy within phylogenetic trees (Cantino and de Queiroz 2004) . These codes could be used simultaneously to discuss the evolution and biology of lineages or groups of species. However, only the most well-deÞned and hence stable lineages should be assigned the rank of genera. Tree is Ϸ3% of the size of the Aedini tree. Number of slash marks on basal lineages is indicative of degree of evolutionary change, either unusual or distinct morphological changes as noted by early taxonomists, or potential synapomorphies in the sense of cladistics. Heavy lines above extant species indicate limits of taxa, either the monophyletic genera Psorophora, Hemogogus, and Eretmapodites, or selected subgenera of Aedes from Table 3 .
